Introduction
============

Use of resin-based restorative dental materials has greatly increased in the recent years due to their optimal esthetics, enhanced properties, easy handling and the ability to optimally bond to tooth structure.[@B1] The main drawback of composite resins is their polymerization shrinkage and the resultant stress that can lead to gap formation at the tooth-restoration interface, microleakage, hypersensitivity, pulp irritation, marginal discoloration and recurrent caries.[@B2][@B3] Low-shrinkage silorane-based composites were introduced to overcome these shortcomings. They have low polymerization shrinkage due to the ring-opening polymerization mechanism of oxirane molecule.[@B3]

Restorative materials should have adequate longevity in order to be considered clinically successful.[@B4] The survival of composite restorations depends not only on their innate characteristics, but also on the surrounding environment.[@B5][@B6] Composite materials are more susceptible to chemical degradation than metal or ceramics due to the possession of organic matrix.[@B7] Oral cavity is a complex aqueous environment where dental restorative materials are exposed to several factors namely saliva and low pH due to the consumption of acidic foods and release of organic acids in the dental biofilm. These conditions have a destructive effect on the polymer network affecting its physical and chemical properties in short-term or long-term.[@B8]

Numerous studies have evaluated water sorption, solubility and mechanical properties of composites after immersion in water, artificial saliva or ethanol in order to better understand the process of composite degradation.[@B9][@B10][@B11] Hardness is an important characteristic of restorative materials correlated with their intraoral compressive strength and resistance to softening.[@B12] Low surface hardness is strongly correlated with insufficient wear resistance and susceptibility to scratching. It can also compromise fatigue strength and lead to restoration fracture.[@B5] Dental biofilm contains high concentrations of lactic acid, acetic acid and propionic acid.[@B13][@B14] Previous studies have indicated that accumulation of dental biofilm does not depend on the oral hygiene or technique of plaque removal by the patients.[@B15] Everyone can have the potential of producing organic acids in dental biofilm.[@B16] It has been reported that low pH may affect the surface hardness of resin-based composites.[@B17]

To date, limited studies have investigated the effect of organic acids present in dental biofilm on methacrylate-based composites.[@B11][@B18] On the other hand, it has been claimed that silorane-based composites are less soluble due to the presence of siloxane molecules.[@B19] However, to the best of our knowledge, no study has evaluated the effect of these acids on the surface hardness of silorane-based composites. Thus, this study aimed to assess the effect of lactic acid, acetic acid and distilled water on microhardness of a silorane-based compared to two methacrylate-based (nanofilled and microhybrid) composites. The null hypotheses were that type of composite would have no effect on the microhardness and that type of storage media would have no effect on microhardness.

Materials and Methods
=====================

The brand names, composition and the manufacturing company of the composites used in this study are shown in [Table 1](#T1){ref-type="table"}.

Composite specimen preparation
------------------------------

First, a stainless steel mold, 10 mm in diameter and 2 mm in thickness, was placed on a glass slab. Composite resin was applied to the mold and another glass slab was placed over it to ensure surface smoothness and uniform thickness of specimens and also to prevent void formation. According to the manufacturer\'s instructions, composite specimens were cured at both sides for 20 seconds using LED light-curing unit (Valo, Ultradent, Products Inc., South Jordan, USA) with 1,000 mW/cm^2^ intensity and then polished with 1,200, 1,500, 2,000, 2,500, 3,000 and 5,000 grit abrasive papers. A total of 90 specimens were fabricated (30 of each composite). Samples were immersed in an ultrasonic bath containing water for 4 minutes followed by 24 hours of distilled water storage at 37℃ to allow completion of polymerization. Baseline microhardness was assessed using a Vickers microhardness tester.

Immersion in the media
----------------------

Immediately after measuring the baseline microhardness, specimens in each composite group were randomly divided into 3 subgroups of 10 and coded. Subgroup 1 specimens were immersed in screw-top vials containing distilled water (pH = 7) as the control subgroup, subgroup 2 specimens were immersed in lactic acid (pH = 4, 0.01 M), and subgroup 3 into acetic acid (pH = 4, 0.01 M). The vials containing specimens were stored in an incubator at 37℃ for 7 days.

Microhardness test
------------------

The microhardness of specimens was measured at baseline and 48 hours and 7 days after immersion using a digital microhardness tester (Vickers hardness testing machine, KB HardWin XL, KB Pruftechnik GmbH, Germany), and 100 g load was applied by the indenter of the Vickers machine for 30 seconds at room temperature. Three indentations with more than 1 mm distance from the disc margins were made at different surface areas and the mean microhardness was calculated using the microhardness values of the three indentations. For the calculation of Vickers microhardness number (HV), the lengths of the two diagonals of each indentation were measured and HV was calculated using the following formula,

where F is the load applied and d is the mean length of the two diagonals of each indentation.[@B20]

Electron microscopic assessment
-------------------------------

Two extra specimens were fabricated in each group and evaluated before and after 7 days immersion using a scanning electron microscope (SEM, KYKY SBC-12, Beijing, China). For this purpose, surface of specimens was completely dried and gold coated with a sputter coater. SEM analysis was then performed at a voltage of 20 kV with ×3,000 magnification.

Statistical analysis
--------------------

Repeated measures ANOVA was used for the comparison of microhardness of different composite specimens before and after immersion in the respective media. The microhardness value at different time points was considered as the repeated factor and the media factor and type of composite were considered as the between subject factors. If the interaction was significant, two-way repeated ANOVA was applied for the comparison of microhardness of composite specimens at each time point separately for each medium, separately for each composite in different media and also for the comparison of microhardness changes based on the type of composite and storage medium. Data were analyzed using SPSS software (IBM SPSS statistics 18, SPSS Inc., Chicago, IL, USA). A *p* value \< 0.05 was considered significant.

Results
=======

Microhardness test results
--------------------------

The mean microhardness values are shown in [Table 2](#T2){ref-type="table"}.

Repeated measures ANOVA revealed that the microhardness of all composite specimens decreased after 7 days of immersion (*p* \< 0.001) and different composites changed variably in microhardness in different media (*p* \< 0.001). At baseline, the interaction effect of type of composite and the media on the microhardness was not significant (Two-way ANOVA, *p* = 0.429), and we could show that the water immersion before baseline measurement after light curing did not have any effect on the microhardness. The microhardness values of the composites were significantly different (*p* \< 0.001), that is, the microhardness of Z250 was higher than Z350 (*p* \< 0.001) and the latter was higher than P90 (*p* \< 0.001). The effect of media on microhardness was not significant (*p* = 0.346). At 48 hours after immersion, the interaction effect of type of composite and the media was not significant (*p* = 0.444). The microhardness values of the composites were significantly different (*p* \< 0.001). The microhardness values of Z250 (*p* \< 0.001) and Z350 (*p* \< 0.001) were higher than that of P90. However, the microhardness values of Z250 and Z350 were not significantly different (*p* = 0.095). Also, the effect of the media on microhardness was significant (*p* = 0.001). The difference between lactic acid and distilled water (*p* = 0.001) and lactic acid and acetic acid (p = 0.043) in this respect was significant. However, distilled water and acetic acid had no significant difference in this regard (*p* = 0.403). At 7 days, the interaction effect of independent variables on microhardness was not significant (*p* = 0.111). The microhardness values of the composites were significantly different (*p* \< 0.001). The microhardness of Z250 was higher than Z350 (*p* \< 0.001) and the latter was higher than P90 (*p* \< 0.001). The effect of media on microhardness was significant as well (*p* \< 0.001). The differences between distilled water and lactic acid (*p* \< 0.001) and lactic acid and acetic acid (*p* = 0.031) were significant in this respect, whereas distilled water had no significant difference with acetic acid (*p* = 0.138, [Table 1](#T1){ref-type="table"}).

SEM results
-----------

SEM images before and after immersion in the respective media are shown in [Figures 1](#F1){ref-type="fig"}, [2](#F2){ref-type="fig"}, [3](#F3){ref-type="fig"}. After 7 days immersion in all media, Z250 and P90 were eroded and pitted because of scrapping off the filler particles. Z350 showed erosion of the matrix.

Discussion
==========

Composites compared in our study were all manufactured by 3M ESPE. P90 is a silorane-based and Z250 and Z350 are methacrylate-based composites with similar resin base (bisphenylglycidyl dimethacrylate \[Bis-GMA\]; ethoxylated bisphenol- A dimethacrylate \[Bis-EMA\]; urethane dimethacrylate \[UDMA\]; triethylene glycol dimethacrylate \[TEGDMA\]) and different filler content (microhybrid and nanofilled). According to Distler and Kröncke , lactic acid and acetic acid account for 70% of the acids present in dental biofilm.[@B13] Thus, we used these two acids in our study. The pH of acids used in our study was adjusted at 4, because previous studies have reported the pH of 4 as the lowest pH of dental plaque.[@B13] Moreover, all specimens were stored in screw-top dark vials in an incubator at 37℃ during the study period in order to simulate the oral environment as much as possible. Surface resistance of materials to chemical degradation and their mechanical properties relate to wear resistance, and hardness measurement relatively determines this characteristic.[@B21][@B22][@B23]

In our study, the microhardness of all groups decreased after 7 days of immersion compared to the baseline value. Longer storage time affects the filler surface or the fillermatrix bond.[@B24] It has been confirmed that water and weak acids can cause inorganic filler surface degradation; this can be clearly seen in SEM images of specimens 7 days after immersion in distilled water and acidic solutions.[@B25] Degradation of inorganic fillers may play an important role in microhardness reduction.[@B26] This finding is in accord with the results of Honorio et al., and in contrast to those of Wan Bakar and Hashemi et al.[@B17][@B27][@B28]

In our study, the microhardness of P90 silorane-based composite at all time points was lower than that of the two methacrylate-based composites. This difference in microhardness can be due to the filler type and content. P90 is a silorane-based microhybrid composite filled with fine quartz particles, whereas Z250 and Z350 contain zirconia-silica particles. The Knoop hardness is 820 for quartz and 1,160 for zirconia particles.[@B29] This may be responsible for the lower hardness of P90. On the other hand, hardness is correlated with the degree of conversion (DC) and it has been shown that DC of silorane-based composites is lower than that of methacrylate-based resins explaining the lower baseline hardness of P90.[@B30][@B31] In our study, the microhardness of this composite significantly decreased after immersion, which is in contrast to the results of Kusgoz et al.[@B31] They demonstrated that the microhardness of this composite remained unchanged after 7 and 30 days of water storage. Acids can release unreacted monomers in composites (due to low DC) via penetration into resin matrix and this issue may be responsible for the reduction in microhardness of P90 in our study.[@B1][@B32]

The microhardness of methacrylate-based composites also significantly decreased after 7 days of immersion but this reduction in Z350 was greater than the reduction in Z250. Z350 is a nanofilled composite. Its filler system is comprised of a combination of 20 nm silica nanofillers and 0.4 - 0.6 µm zirconia-silica nanoclusters.[@B33] Although some studies have shown that this composite has mechanical properties similar to those of hybrid and midi-filled composites, its high surface/volume ratio due to the presence of silica particles may increase its water sorption and lead to the degradation of polymer-filler interface and possible drop in mechanical properties.[@B9][@B10][@B11][@B34][@B35] On the other hand, Z350 contains large volumes of silane (γ-methacryl oxypropyltrimethoxysilane) due to high filler content and thus, may be more susceptible to hydrolysis and increased solubility. SEM image of this composite after immersion confirms this finding.

Lactic acid caused a greater reduction in microhardness than other solutions. Lactic acid is a carboxylic acid with -COOH and -OH functional groups. There is a high possibility that these functional groups form hydrogen bonds with the polar side of methacrylate monomer present in the matrix of Z250 and Z350, namely -OH in Bis-GMA, -OH in TEGDMA and Bis-EMA and -NH in UDMA causing greater water sorption and subsequently higher matrix softening. The SEM image of Z350 also confirms this theory. However, the SEM image of Z250 indicates scraped off filler particles, which may be responsible for decreased microhardness.

P90 is expected to have less solubility due to the presence of siloxane molecule. However, its microhardness significantly decreased and degradation of inorganic fillers was evident on the SEM image. It appears that solutions used in our study decreased its microhardness by affecting the silane coupling agent or the filler particles. On the other hand, it has been stated that chemical softening occurs when the solubility parameter of the resin matrix of composites is similar to the solubility parameter of storage media.[@B36] No definite information is available regarding the solubility parameter of silorane but the proximity of the solubility parameter of P90 to that of solutions used in this study may also be responsible for the significant reduction of P90 microhardness compared to other composites. The aim of our study was to evaluate the immediate effect of organic acids in dental biofilm on microhardness of composites. In order to evaluate their effect of degradation, we need to store the samples longer.

Conclusions
===========

Under the limitation of this study, the microhardness of all composites decreased after 7 days of immersion. The microhardness of P90 was lower than that of other composites at all time points. Lactic acid caused a greater reduction in microhardness compared to other solutions.
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![The SEM image of (a) Z250, before immersion; (b) Z250, after 7 days immersion in distilled water; (c) Z250, after 7 days immersion in lactic; (d) Z250, after 7 days immersion in acetic acid (arrow, pitted area).](rde-40-188-g001){#F1}

![The SEM image of (a) Z350, before immersion; (b) Z350, after 7 days immersion in distilled water; (c) Z350, after 7 days immersion in lactic acid; (d) Z350, after 7 days immersion in acetic acid (arrow, eroded area).](rde-40-188-g002){#F2}

![The SEM image of (a) P90, before immersion; (b) P90, after 7 days immersion in distilled water; (c) P90, after 7 days immersion in lactic acid; (d) P90, after 7days immersion in acetic acid (arrow, pitted area).](rde-40-188-g003){#F3}

###### Materials and their composition used in the study

![](rde-40-188-i001)

  Type                                                                                                        Material                                   Content                                                                                                         Manufacturer
  ----------------------------------------------------------------------------------------------------------- ------------------------------------------ --------------------------------------------------------------------------------------------------------------- ----------------------------
  Filtek Z250                                                                                                 Microhybrid methacrylate-based composite   Matrix: Bis-GMA, Bis-EMA, UDMA, TEGDMA                                                                          3M ESPE, St. Paul, MN, USA
  Filler: zirconia, Silica (0.01 - 3.5 µm), 78 wt%, 60 vol%                                                                                                                                                                                                              
  Filtek Z350XT Enamel                                                                                        Nanofilled methacrylate-based composite    Matrix: Bis-GMA, UDMA, Bis-EMA                                                                                  
  Filler: Silica, zirconia, nanoparticles (20 µm), and nanoagglomerated (0.4 - 0.6 µm), 78.5 wt%, 55.9 vol%                                                                                                                                                              
  Filtek P90                                                                                                  Silorane-based composite (microhybrid)     Matrix: 3,4 Epoxycyclohexyl ethyl cyclopoly-methylsiloxane, bis-3,4 epoxycyclohexyl-ethyl-phenyl-methylsilane   
  Filler: Silanized, quartz, Yttrium fluoride (0.04 - 1.7 µm), 76 wt%, 55 vol%                                                                                                                                                                                           

Bis-GMA, Bisphenol A glycidyl dimethacrylate; Bis-EMA, Ethoxylated Bisphenol A dimethacrylate; UDMA, Urethane dimethacrylate; TEGDMA, Triethylene glycol dimethacrylate.

###### Microhardness values (mean ± SD) of 3 composites vs. storage media and immersion time

![](rde-40-188-i002)

                    baseline             48 hr             7 day                                                                                                       
  ----------------- -------------------- ----------------- ----------------- ----------------- ----------------- ----------------- ----------------- ----------------- -----------------
  Distilled water   108.66 ± 8.12^a^     97.68 ± 5.08^a^   76.51 ± 7.69^a^   99.50 ± 4.25^a^   97.89 ± 4.80^a^   79.70 ± 7.76^a^   97.22 ± 5.81^a^   48.97 ± 4.50^a^   36.94 ± 3.22^a^
  Lactic acid       112\. 95 ± 6.05^a^   97.38 ± 5.44^a^   76.17 ± 6.04^a^   95.14 ± 3.92^b^   90.04 ± 3.22^b^   76.42 ± 6.85^b^   88.42 ± 6.14^b^   45.50 ± 3.19^b^   34.50 ± 2.17^b^
  Acetic acid       114.29 ± 5.13^a^     96.61 ± 4.55^a^   78.80 ± 5.24^a^   96.38 ± 4.77^a^   94.36 ± 2.11^a^   80.98 ± 7.48^a^   92.99 ± 4.52^a^   46.40 ± 3.40^a^   37.45 ± 3.30^a^

Same superscript letter in each column show no statistical significant differences between groups (*p* \< 0.05 was considered statistically significant, The statistical comparison was done in each immersion time separately).
